Cattle on the Golan Heights are kept in enclosures and some of these enclosures have guard dogs. We studied the effect of such dogs on the behavior and breeding success of mountain gazelles Gazella gazella living within enclosures. We found that guard dogs have both direct and indirect effects on gazelles. Gazelles living in enclosures with dogs spent more time in vigilance behavior and running, and less time resting and walking, in comparison with gazelles in dog-free enclosures. In the absence of dogs, gazelle female herds in enclosures tended to stay closer to the cattle, but shunned away from them in the presence of the dogs, which, in turn, remained near the cattle. The percentage of fawns per female was higher in enclosures without dogs in comparison with those with dogs, but the difference was not significant. However, the largest of the enclosures with dogs, which had the largest number of gazelles, had only an average number of dogs in it. Hence, the gazelles in this enclosure were better able to avoid the dogs in comparison with those in smaller enclosures. Removing this enclosure from the overall calculation revealed that guard dogs have a significant negative effect on gazelle reproductive success. In two of the four enclosures with dogs no fawn still survived 6 months after birth, while in each of the four enclosures without dogs some fawns did survive to that age and beyond, suggesting that the dogs themselves may predate the fawns.
Introduction
The effect of predators on their prey may be direct, that is wounding or killing the prey, or indirect, by altering the behavior of their prey in such a way that it affects the ability to survive and breed successfully. The time spent in predator avoidance may result in deterioration of body condition due to insufficient time spent in foraging, which in turn may affect reproduction (Hik, 1995) . Empirical research on a wide range of species, including birds, demonstrates that behavioral responses to predation risk can have considerable effects on adult and juvenile survival, clutch size or clutch number (Lima, 1998) , and that these indirect effects may be greater than direct ones (Preisser, Bolnick & Benard, 2005) . A recent model on the indirect effects of urban cats on bird populations suggests that such sub-lethal effects might contribute to depressing bird populations, and result in a marked decrease in bird abundance (Beckerman, Boots & Gaston, 2007) .
Feral dogs are known as effective predators of wildlife, including reptiles, birds and mammals (Green & Gipson, 1994; Wildlife Report, 1998) . In the United States, feral dogs regularly chased white-tailed deer Odocoileus virginianus, and are suspected predators of fawns (Causey & Cude, 1980) . Dogs chasing ungulates were also reported from the desert oasis of En Gedi in Israel, where they frequently chase and kill Nubian ibex Capra ibex nubiana (M. Blecher & D. Greenbaum, pers. comm.) , and from central and northern Israel, where dogs are frequently observed chasing mountain gazelles Gazella gazella (A. Boldo, pers. comm.). Increased numbers of feral dogs in the Mediterranean coastal plain in Israel has led to a decline in the breeding success of mountain gazelles in this area (Manor & Saltz, 2004) .
We studied gazelle-guard dog interaction within eight large enclosures on the Golan Heights. There are about 35 agricultural settlements in the Golan, producing cereals, fruits, wine grapes, turkeys, hens, dairy products and cattle. About a third of the Golan area (350 km 2 ) is managed for grazing by about 15 000 cattle, belonging to about 15 owners, mainly collective farms (kibbutzim and moshavim). Successful legal protection of wildlife, together with increased food availability from agricultural products and garbage dumps, has been followed by an appreciable increase in some wildlife species, which in turn has created conflicts between farmers and nature conservation. For example, the number of jackals Canis aureus increased from a density of about 0.2 jackals km À2 during the 1970s (Ilani, 1979) to 2.5 jackals km À2 in 1988 (Frankenberg & Pevzner, 1988) . The number of jackals in the central and southern Golan in 2007 was estimated at about 5000 (A. Reichman, pers. comm.) . During the early 1990s the wolf population in the Golan also started to increase, and in 2005 it was estimated at about 120 animals belonging to 12-14 packs (Reichmann & Saltz, 2005) .
During the last two decades there has been growing concern among farmers over calf predation by jackals, which has been claimed by some farmers to be as high as 10% of all calves born. Yom-Tov, Ashkenazi & Viner (1995) estimated that 1.5-1.9% of the calves born in the Golan Heights die due to predation, mainly by golden jackals C. aureus, and the total damage during 1993 was estimated at about US$42 000. Most attacks occurred within 2 days post-parturition. Since the mid-1990s, the wolves have added to the predation pressure on cattle, and farmers' complaints have led the Israel Nature Reserves and Parks Authority (NRPA) to cull wolves and jackals throughout the year, thus maintaining an estimated stable population of about 120 wolves in the Golan. Although the culling has had some effect on the wolf population, predation on cattle, especially calves, remained considerable. The ranchers' organization successfully pressured the government for help, and a large sum (the equivalent of more than US$1.5 million between 2001 and 2006) was allocated to build predation-free enclosures where cattle, especially pregnant cows and their newly born calves, are kept throughout the breeding season and period of calf growth. At present, there are about 90 such enclosures that occupy more than 5% of the area of the Golan Heights. In addition, some farmers have introduced guard dogs into these enclosures, mainly Pyrenean mountain dogs and Turkish Akbash dogs, but also Italian Maremma sheepdogs and Hungarian Kuvasz dogs, as has been done elsewhere (Pfeifer & Goos, 1982; Robertson, 1990) . Each enclosure has about 10 guard dogs, which are almost feral: they live in the enclosure where the farmer brings them food once every day or two, but otherwise have little contact with humans and roam freely within the enclosure. Guard dogs are bred for their aggressiveness towards wolves, but it is logical to assume that their aggressiveness can also be directed towards other animals, especially potential prey. Indeed, guard dogs were observed several times chasing and eating gazelles in cattle and sheep enclosures in the Golan (P. Giladi, pers. comm.; S. Levi, pers. comm.) .
The mountain gazelle G. gazella inhabits various habitats in Israel, mainly in its northern, Mediterranean region. This species is considered globally not threatened regionally vulnerable (Dolev & Perevolotzky, 2002) . Mendelssohn, Yom-Tov & Groves (1995) describe the biology of this species is in detail. Briefly, females may conceive when 6 month old (but mainly when 1 year old) and give birth once a year, but in areas where drinking water is available they may breed twice annually. Pregnancy lasts 6 months, and normally only one fawn is born. Between the early 1970s and 1985, the number of gazelles in the Golan increased from about 500 to 4000 (Yom-Tov, 1993) , but subsequent events (culling, foot and mouth disease and over the last 15 years heavy predation pressure) have reduced the gazelle population to o300 (Saltz et al., 2001) . At present, a considerable proportion of the gazelle population in the southern and central Golan (up to 50%; A. Boldo, pers. comm.) is found within the enclosures for at least 4 months annually, where they are almost free from natural predation, but are exposed to predation and harassment by the guard dogs. In most enclosures the gates are open for the cattle to leave the enclosures after the farmers consider the calves relatively safe from predation, and the gazelles can leave as well. However, gazelles were present in their study enclosures continuously over the entire observational period.
The aim of this study was to examine the interaction between gazelles and guard dogs that share enclosures. Specifically, we compared the behavior of gazelles in enclosures with or without guard dogs, as well as the spatial distribution of gazelles in relation to guard dogs and cattle, and determined the reproductive rates of gazelles in enclosures with or without dogs.
Materials and methods

Study site
The Golan Heights is a 1040 km 2 basaltic, grassland plateau on the eastern side of the north Jordan valley. Its central and northern parts are rocky, thus preventing cultivation of much of the area. The climate is Mediterranean with an average annual rainfall of 250-1000 mm, mostly during October-April while the long summer is dry. Mean monthly ambient temperature ranges between 12 1C during January to 27 1C during July (Livne & Gal, 1978) . At its southern and central parts of the Golan (where this study took place) the natural vegetation consisted of open forest dominated by Quercus ithaburensis trees of which only few pockets remain. Today, the southern and central Golan is an open savanna where the most common plant community is dominated by small bushes of Ziziphus lotus and sparsely spread low Ziziphus spina-christi trees (Danin, 1988) . The Golan is inhabited by several species of wild mammals, including the mountain gazelle, wild boar Sus scrofa, rock hyrax Procavia capensis, cape hare Lepus capensis and several carnivores, including wild cat Felis sylvestris, jungle cat Felis chaus, red fox Vulpes vulpes, wolf Canis lupus, golden jackals C. aureus and several mustelids. The Golan is also inhabited by several species of raptors, and has the largest griffon vulture Gyps fulvus colony in Israel (YomTov, 1993) .
This study took place between August 2005 and June 2006 on the southern and central Golan Height (Fig. 1) . We selected eight enclosures, four with guard dogs (experimental enclosures) and four without (control enclosures). For each experimental enclosure we selected a control one that was as similar as possible to it in location, size, number of cattle and number of gazelles. Details on the enclosures are provided in Table 1 . All enclosures are encircled by a 1.8 m high iron net fence (30 Â 20 cm mesh), topped with a wire above the net to prevent animals climbing on it. The lower section of these nets are folded back on ground and held in place with large rocks in order to prevent predators from crawling beneath. The fence is 'gazelle-proof,' that is gazelles cannot jump over or crawl below it.
Behavioral observations
Observations were carried out once a month for 11 months. At each enclosure we observed gazelle behavior for 3 h after sunrise and 3 h before sunset, the periods of maximal activity of gazelles (Mendelssohn et al., 1995) . All observations were carried out by one observer from a high position from where the entire enclosure area could be seen, using 10 Â 50 binoculars. During each observation session the following were noted: number of gazelles in the enclosure and their sex (and pregnancy in females), and age (adult, juvenile-aged 6-12 months or fawn, younger than 6 months). Every 2 min we noted the following six categories of behavior: lying down, feeding, walking (walking without grazing), vigilance (raising the head and looking around with the ears erect), running and any social interaction. The female data were for the group as a whole (Altman, 1974) and not for a focal animal in it, that is the behavior of the female gazelles in each 2-min session was determined as that of the majority of animals in that group. On the other hand, males are solitary and in for that category we compiled 2-min session data on focal individuals. We also noted the position of the dogs (they usually moved as a pack) and the cattle. Every day of observation yielded 180 behavioral events, 90 in the evening and 90 in the morning.
Spatial interactions among gazelles, cattle and dogs
In order to determine whether there was attraction, avoidance or indifferent relations between gazelles, cattle and dogs during the behavioral observations, we calculated the distances between them from their position in the enclosure at a given time. Specifically, instant positions of gazelles, cattle and dogs were plotted on detailed enclosure maps, and later analyzed by geographical information system (GIS) software. Cattle locations were used only for herds of more than 20 cattle in order to avoid the effect of solitary cows. We used ARC-GIS (version 8.2, ESRI) for creating the enclosure maps, and ArcView for analyzing the data on home ranges and interactions. In order to determine type of interactions between gazelles, cattle and dogs, we compared the distribution of distances between any two species to a distribution of distances between two random positions in the enclosure, using Kolmogorov-Smirnov test. If observed distances, on average, were significantly shorter than at random, we defined this as 'attraction' to one another, and if significantly longer than at random, as 'avoidance.' We considered two species as indifferent to one another when the distribution of distances between them differed insignificantly to that expected by random.
In addition, we used the location data to evaluate how space is used inside the enclosures by gazelles, dogs and cows. We estimated home range configuration using the 95% adaptive kernel method (Worton, 1989) in the program Ranges 6 (version 1.06; Kenward, South & Walls, 2002) . Kernel methods do not require making any assumptions about the underlying distribution of the data, are insensitive to autocorrelation and robust for small sample size, and are a more accurate means of estimating home-range size than the alternatives (Worton, 1989; Blundell, Maier & Debevec, 2001) . Kernel estimators determine the utilization distribution of an individual by assessing the probability of occurrence at each point in space (Worton, 1989) , and can be used to define areas within the range that are heavily used by the animal (center of activity). The difference in the distance between centers of activity of cows and gazelles in enclosures, with and without dogs, served as a second analysis for assessing the impact of dog presence. Significantly shorter distance between centers of activity (i.e. attraction) of gazelles and cows in dog-free enclosures is indicative of the distress to gazelles caused by the presence of the dogs, and vice versa. Fig. 2a and b) . In the enclosures with dogs, female groups spent more time being vigilant (Tukey's HSD test; F (1,6) =12.05, P = 0.01), and lay down significantly less (Tukey's HSD test; F (1,6) = 6.07, P= 0.05) than gazelles in the enclosures without dogs (Fig. 2a ). There were no significant differences for gazelle groups in enclosures with or without dogs in the time spent socializing, eating, walking or running. The effects of dogs were found also on the solitary gazelle males (Fig. 2b) , which showed less walking (Tukey's HSD test; F (1,3) = 51.4, P= 0.006) and more running (Tukey's HSD test; F (1,3) = 33.2, P = 0.01) in the presence of the dogs. Higher vigilance (Tukey's HSD test; F (1,3) = 8.45, P= 0.06) and less resting (Tukey's HSD test; F (1,3) = 5.86, P = 0.09) in the presence of dogs were marginally significant, but we consider these trends indicative after taking into account the small number of males in this test. In enclosures without dogs, gazelle female herds tended to stay significantly closer to cattle in comparison with enclosures with dogs ( Table 2) . This was true when measured for both the mean minimal distance between gazelles and cattle (t (5) = 3.96, P= 0.010; Fig. 3) , and for the distance between center of activity of the herds of the two species (t (5) = 4.30, P= 0.007; Fig. 3 ). Finally, in most cases gazelles grazed nearby or among the cattle when dogs were absent (Table 2) . However, when dogs accompanied the cattle, gazelles avoided dogs in all cases, and cattle in most (Table 2) . Table 3 presents data on reproduction of females in enclosures with or without dogs. The percentage of fawns surviving for at least 2 months after birth per female was higher in enclosures without dogs in comparison with those with dogs (24 and 18%, respectively), but the difference was not significant (Mann-Whitney U-test: U = 4.5, P= 0.3). However, one of the enclosures with dogs (Natur) differed considerably from all other enclosures: it was the largest enclosure (2.4 km 2 ), had the highest number of gazelles (12.9 km À2 in comparison with an average of 9.9 km À2 ), lowest density of cows (208.3 km À2 in comparison with an average of 257.6 km À2 ) and relatively low number of dogs in it (3.8 km À2 relative to the average number of dogs per enclosure; 4.8 km
Female/fawn ratio
À2
). Hence, the gazelles in this enclosure were able to avoid the dogs better in comparison with those in smaller enclosures. Removing this enclosure from the overall calculation revealed that gazelle breeding success Another indication for a negative effect of dogs is that in two of the four enclosures with dogs no fawn still survived 6 months after birth, whereas in each of the four enclosures without dogs some fawns did survive to that age and beyond.
Discussion
Our results indicate that guard dogs significantly affected the behavior of both female and male gazelles in the enclosures. Such differences were found in the time spent in various behaviors, as well as in the interaction patterns between gazelles and cattle. Guard dogs also affected the gazelles' breeding success.
Behavior
Gazelles (both those in female herds and solitary males), in enclosures with dogs spent significantly more time in vigilance behavior and running, and less time resting and walking than did females in enclosures without dogs. Although we did not find a significant difference between the two groups in the amount of time spent eating, the above results indicate that female gazelles that live with dogs spend more time avoiding the dogs and less time foraging.
Reaction to cattle
There were significant differences in the way gazelles reacted to cattle in enclosures with or without guard dogs. In enclosures with dogs there was significant attraction between dogs and cattle and avoidance between dogs and gazelles and cattle and gazelles. This latter interaction is due to the fact that dogs are attracted to cattle and spend most of their time near them, thus deterring the gazelles from approaching. In contrast, in three out of the four dog-free enclosures, female gazelles tended to forage nearer to cattle. The reason for the difference between the three enclosures and the fourth seems to be that, unlike in the other enclosures, in the fourth enclosure (Moti 1) the cattle did not form one herd but were scattered all over the area, and this behavior apparently rendered the attraction of the cattle for the gazelles. We suggest that gazelles seek the company of cattle herds because large herds improve the ability of individuals to detect predators, as shown for various other wild ungulates in the savanna plains of East Africa (Stensland, Angerbjorn & Berggren, 2003) . However, in the enclosures with dogs, this advantage disappears because the dogs tend to stay near the cattle, and the gazelles consequently avoid the cattle and forage at greater distances. 
Breeding success
Our results show that guard dogs have a significant impact, both indirect and direct, on the behavior and breeding success of gazelles that share the enclosures with them. The direct effect is expressed in the breeding success of gazelles in enclosures with or without dogs. Although there was no significant difference in the mean female/fawn ratio between enclosures with or without dogs, there are strong indications that guard dogs have a serious deleterious effect on the breeding success of gazelles. First, one of the four enclosures with dogs (Natur) is the largest of all enclosures (240 ha, in comparison with an average of 117 ha for the other seven enclosures), and had the largest number of gazelles (25, in comparison with an average of nine in all other enclosures) and only an average number of dogs in it (9). A larger gazelle herd implies better vigilance, while a large enclosure with an average number of dogs implies an increased chance of the gazelles avoiding the dogs. Removing this enclosure from the overall calculation of breeding success yielded a significant difference in female/fawn ratio between enclosures with or without dogs (0.038 and 0.240 fawns/females, respectively), thus demonstrating that dogs had a significant negative impact on the breeding success of the females in the other three enclosures with dogs. In addition, in two of the four enclosures with dogs no fawn still survived 6 months after birth, while in each of the four enclosures without dogs some fawns did survive to that age and beyond.
Breeding success of gazelles in other areas in Israel range widely. Figures presented by Baharav (1983) for the Lower (Ramot Yissaschar) and Upper (Ramat Naftali) Galilee translates to a fawn/female ratio of 0.63 and 0.52, respectively. Geffen (1995) found a fawn/female ratio of 0.34 on the Southern Carmel Mountain and attributed this lower proportion to predation by red foxes, golden jackals and feral dogs. Manor & Saltz (2004) who studied gazelles on the southern coastal plain found that fawn/female ratio ranged between 0.063 and 0.333, in association with the presence of feral dogs. Saltz et al. (2001) reported that on the southern Golan fawn/female ratio was significantly related to jackal density and ranged between almost 0 and 0.35 at jackal densities of 1 and 7 jackal km À2 , respectively. We found that the fawn/female ratio in the enclosures with dogs is lower than the one reported by Manor & Saltz (2004) for most feral dog-infested areas (0.038 and 0.063, respectively), and similar to that reported by Saltz et al. (2001) in areas with high jackal density in the Golan. This result indicates that the presence of guard dogs has a strong negative effect on gazelle reproduction, as was reported in other studies in which fawn survival was related to either feral dog or jackal presence (Geffen, 1995; Saltz et al., 2001; Manor & Saltz, 2004) . Our data also indicate that fawn/female ratio in enclosures without guard dogs is similar to this ratio in natural areas (i.e. with no fences) where jackal density is about 2.5 jackal km
À2
. Such high jackal density occurs in Israel only where artificial, additional food (i.e. related to human activity' such as depositing carcasses of chicken and turkey) is available.
The fawn/female ratio in the dog-free enclosures was also low in comparison with most other areas in Israel. The proportion of pregnant female observed in our study (ranging 11-43%; Table 3 ) was also low, in contrast with much higher proportions elsewhere (up to 93% among adult females in Ramot Yissaschar; Baharav, 1983) . This result indicates that gazelles in our enclosures suffer from additional factors that reduce their breeding success. We suggest that the main factor responsible for this is the high cattle density in the enclosures (ranging between 2 and 5 cattle ha
À1
; Table 1 ) that reduced forage availability. However, because we have no data on forage availability and quality, we cannot test this prediction.
Gazelles in the enclosures are more vulnerable to predation than outside them, because they cannot escape and when attempting to flee they may hit the fences and cause considerable injury to themselves. Several gazelles that died 
Guard dogs and ungulate conservation
Our results show that guard dogs inflict considerable damage on gazelles that live in cattle enclosures with dogs. This is not surprising, as feral dogs are known to be effective predators of wildlife, including reptiles, birds and mammals (Green & Gipson, 1994; Wildlife Report, 1998) . In the southern Mediterranean coastal plain of Israel, feral dogs have contributed greatly to the decline in numbers of mountain gazelles (Manor & Saltz, 2004 comm.) . If this is so, then guard dogs harm wildlife without providing any benefit to the ranchers. We suggest that the true contribution of guard dogs to the profitability of cattle ranchers be examined, and if it will be shown that they provide a marginal benefit or no benefit at all, they should be removed from the enclosures. Because a relatively large proportion of the gazelles in the Golan live in such enclosures, the Nature Reserves and Parks of Israel should take action to prevent further deterioration of the gazelle population there. The damage that the dogs do to wildlife conservation is unlikely to be limited to gazelles in the enclosures, and it is reasonable to assume that they also chase and predates other wildlife, such as hares, hyraxes and small-and medium-sized predators. In addition, guard dogs as well as other free-roaming dogs interbreed with wolves, and seven (15%) of the wolf carcasses brought to the Zoological Museum of Tel Aviv University were apparently wolf-dog hybrids, the progeny of such breeding.
